The Higgs boson production can be affected by several anomalous couplings, e.g. ct and cg anomalous couplings. Precise measurement of gg → h production yields two degenerate parameter spaces of ct and cg; one parameter space exhibits the SM limit while the other does not. Such a degeneracy could be resolved by Higgs boson pair production. In this work we adapt the strategy suggested by the ATLAS collaboration to explore the potential of distinguishing the degeneracy at the 14 TeV LHC. If the ct anomalous coupling is induced only by the operator H † HQLHtR, then the non-SM-like band could be excluded with an integrated luminosity of ∼ 235 fb −1 . Making use of the fact that the Higgs boson pair is mainly produced through an s-wave scattering, we propose an analytical function to describe the fraction of signal events surviving a series of experimental cuts for a given invariant mass of Higgs boson pair. The function is model independent and can be applied to estimate the discovery potential of various NP models.
Introduction: In the establishment of the Standard Model (SM), thousands of experiments have been performed to measure model parameters and check the consistency of the theory. In the same spirit, it is critical to measure all the properties of the recently discovered Higgs boson as precisely as possible to test the SM and probe New Physics (NP) beyond the SM. The Higgs couplings have been constrained at the LHC Run-1 [1, 2] . In the SM the Higgs boson is predominantly produced through the gluon fusion process which can be affected by either htt or hgg anomalous couplings. The anomalous couplings are described by the effective Lagrangian L = − Figure 1 displays the parameter space of c t and c g allowed by the measurement. Two degenerate parameter spaces arise from the interference of c t and c g contributions. For example, in the heavy top-quark limit,
The upper band in Fig. 1 corresponds to c t + c g ∼ +1, which has a SM limit of c t → 1 and c g → 0. We name it as "SM-like" band. The lower band corresponds to c t + c g ∼ −1, which does not exhibit the SM limit. In the lower band the NP contributions should cancel the SM contribution out and leads to a residual contribution of minus SM value. Though often ignored, it is possible in principle 1 . We name the lower band as the "faked-nonew-physics" (FNNP) band since further improvement in the measurement of single Higgs-boson productions cannot distinguish it from the upper SM-like band. The Higgs boson pair production gg → hh, which is highly correlated with the gg → h process, can be used to discriminate the SM-like and FNNP bands [3] [4] [5] . In this work, we focus our attentions on the ATLAS constraints and explore the potential of the 14 TeV LHC to exclude the FNNP band in the Higgs boson pair production. Higgs boson pair production: The Higgs boson pair production is usually considered as the best channel to measure the Higgs trilinear coupling in the SM [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . It is also sensitive to various NP models . In this work we adapt the effective Lagrangian approach to describe the unknown NP effects. After the electroweak symmetry breaking the effective Lagrangian related to the double Higgs production is [4, [66] [67] [68] [69] [70] [71] 
where v = 246 GeV is the vaccum expectation value, α s = g 
where
are the form factors [24] withŝ andt the canonical Mandelstam variables. G corresponds to the d-wave component which is negligible [46] .
In order to compare σ(gg → hh) with the SM prediction, we define a ratio R hh as Figure 2 displays the contours of R hh = 1, 5 and 10 in the plane of anomalous couplings for four benchmark choices:
In the case (b) we assume that both c t and c 2h anomalous couplings are induced by the operator H † HQ LH t R and thus exhibit the relation. The production cross section of the Higgs boson pair is enhanced in the FNNP band in all the four choices:
(a) 1.44 < R hh < 92.89; (b) 11.12 < R hh < 46.58; (c) 3.46 < R hh < 88.86; (d) 9.11 < R hh < 12.64. Collider simulation: Next we perform a detailed Monte Carlo simulation to estimate the needed integrated luminosity for probing or excluding the FNNP band at the 14 TeV LHC. As a concrete example, we examine the hh → bbγγ channel, which has been studied by the AT-LAS collaboration [72] . MadGraph5 [73] is used to generate the signal events at the parton-level with CT14 [74] and MSTW2008 [75] parton distribution function (PDF).
Following the ATLAS study [72] , the signal events must contain two b-tagged jets and two isolated photons which satisfy the kinematic cuts as follows:
In order to mimic the imperfect detector effects, we smear the final state parton momenta by a Gaussian distribution as suggested in Ref. The photon energy resolution and identification are crucial to trigger and reconstruct the signal events. In the simulation we adapt the photon energy resolution and identification efficiency given by the ATLAS collaboration [77] . The photon energy resolution is given as follows:
for |η| < 1.37,
The identification efficiency, which is sensitive to p γ T , is given by
Note that the identification rate is less than 80% even for an energetic photon. The key of collider simulation is to know the so-called cut efficiency, i.e. the fraction of signal events passing the kinematic cuts. To understand the cut efficiencies of different values of anomalous couplings, one has to repeat the collider simulation which include all the kinematic cuts, imperfect detector resolutions and particle identifications, etc. However, it is very time consuming in practice. Inspired by the scalar feature of Higgs boson, we propose an analytical function to describe the fraction of signal events passing through the kinematic cuts. The function depends upon the invariant mass of the Higgs boson pair (m hh ) and is not sensitive to those anomalous couplings or specific NP model. The advantage of our method is that the cut efficiency of the hh signal events can be easily obtained from the convolution of the differential cross section of dσ/dm hh and the cut efficiency function. The method is explained below.
The scattering of gg → hh is dominated by the swave contribution. Owing to the scalar feature of the Higgs boson, there is no spin correlations among the initial state and final state particles. Therefore, the p T and η distributions of the b-jets and photons depend mainly upon m hh . The differential cross section of the gg → hh process before any cut is
where η andη is the rapidity of one of the Higgs bosons in the laboratory frame and center of mass (c.m.) frame, respectively. √ S is the collision energy of the hadron collider, H(m hh , µ r ) is the hard scattering cross section with µ r the renormalization scale, f g/p is the gluon PDF with µ f the factorization scale. As argued above, the cut efficiency depends on the configuration of the Higgs bosons which is described by m hh and η, and the differential cross section after cuts is
wherem hh is introduced to describe the finite energy smearing effect and stands for the cut acceptance. Definẽ
then
We introduce a differential cut efficiency function
which depends on √ S, parton distribution functions and kinematic cuts. Again, we emphasize that the A-function is model independent. If the gg → hh scattering in NP models is also dominated by the s-wave scattering, its production rate after cuts is
The A-function could be derived analytically for a given m hh . It is hard to account for the detector effects analytically, however. In this work we first obtain the cut efficiency of signal events from the Monte Carlo simulation with all the detector effects and then fit the efficiency with the following functions as suggested by analytical calculations: the cut efficiency decreases with m hh because ∆R bb is likely to be smaller than 0.4 such that most of the signal events fail the ∆R cut. We fit the Monte Carlo data with the A-function in Eq. 15 and obtain those fitting parameters which are shown in Table I . We note that the fitting parameters are not sensitive to the PDF sets. Both CT14 and MSTW2008 PDF sets yield similar parameters. For comparison we also plot the fitting function in Fig. 4(a) ; see the solid curve. In order to check our method, we compare our results with those of the ATLAS collaboration [72] and Ref. [4] . The comparisons are shown in Fig. 4(b) and Fig. 4(c) , respectively. Our results are consistent with those results in [4, 72] . . We calculate the 95% C.L. exclusion bound with
where n s and n b denotes the number of signal and background events, respectively. Figure 5 displays the contours of 95% C.L. exclusion bound from the Higgs boson pair production with L = 100 fb −1 and 300 fb −1 at the 14 TeV LHC for the four choices of anomalous couplings. The exclusion contours of the cases (a) and (b) are different from those R hh contours shown in Fig. 2 . The differences occur in the large positive c t region where BR(h → γγ) is highly reduced. A large c g is needed to reach the same rate of the Higgs boson pair production.
In the case (c) the shapes of the exclusion bounds are very similar to those of the R hh contours; see Fig. 5(c) and Fig. 2(c) . It can be understood from the fact that the c 2h is not sensitive to the kinematic cuts or Br(h → γγ).
In the case (d), the shape of exclusion bounds in Fig. 5(d) is slightly different from that of the R hh contours in Fig. 2(d) , especally in the small c 3 region. The difference can be understood from the cuts we imposed. The c 3 coupling contributes sizeably in the small m hh region. However, the hard p T cut on bb and γγ pairs demands a large m hh region. As a result, the exclusion contours depend mildly on c 3 . It is consistent with Ref. [68] .
If no excess were observed in the Higgs boson pair production, then one can impose constraints on the anomalous couplings, especially on the FNNP band. The minimal luminosities to exclude the FNNP band at 95% C.L. in the four choices of anomalous couplings are It is worth mentioning that the current allowed bands shown in Fig. 1 would shrink when the LHC Run-2 data comes out. It is possible to exclude the FNNP band with a luminosity smaller than the values shown above.
Note: While this article was in finalization, the paper by B. Batell et al [78] appeared online and investigated the correlation between single Higgs and double Higgs boson production in supersymmetric model.
